Replication functions with IncP2 specificity were identified on a 3-kilobase DNA fragment isolated from the 400-kilobase Pseudomonas megaplasmid pMG2.
with a Pseudomonas strain as the host.
We sought to isolate a low-molecular-weight IncP2 derivative by using a technique which would allow functional selection of an IncP2 replicon from DNA fragments cloned in E. coli. Plasmid DNA was isolated from the IncP2 plasmid pMG2 (9) from the cryptic plasmid-free Pseudomonas strain PAC452 (G. Jacoby, unpublished data) by using a sucrose gradient technique (20) . The DNA was cleaved with HindIlI and ligated to the vehicle pTJS53 by standard techniques. pTJS53 (T. Schmidhauser and D. R. Helinski, unpublished data) consists of pUC8 (19) with the RK2 oriT (6) . This vehicle was chosen since it does not replicate in Pseudomonas strains (unpublished data), has a carbenicillin resistance (Cbr) marker which is readily identified in either a Pseudomonas or E. coli strain, and contains the origin of transfer (oriT) of the IncPl broad-host-range plasmid RK2 (6) which allows it to be efficiently mobilized from E. coli to Pseudomonas strains by plasmids with the RK2 transfer system.
The ligated DNA was used to transform E. coli JMB 9.1 (obtained from C. Yanofsky), a restriction-deficient strain containing plasmid pRK2043 (D. Figurski, unpublished data) (a kanamycin-resistant [Kmrl, transfer-proficient [tra+] RK2 derivative), with the pSC101 replicon (4) which does not function in Pseudomonas strains. The pool of transformants were then conjugated with PAC452 by a plate-mating technique (1), and Cbr transconjugants were selected. No Cbl transconjugants carried the Kmr marker of the mobilizing plasmid pRK2043. In a control experiment, no Cb' transformants were obtained by attempting to mobilize the vehicle pTJS53 itself into PAC452. The plasmid pNS2300 was * Corresponding author.
isolated from one of the transconjugants and was found to contain a 3-kilobase (kb) HindlIl fragment inserted into the HindIII site of pTJS53. To ascertain that the expression of Cb' in this Pseudomonas strain was due to the presence of this plasmid, pNS2300 DNA was used to transform PAC452 by the method of Mercer and Loutit (14) and E. coli JMB9.1 selecting for Cbr. This again yielded clones containing the same plasmid, confirming that the expression of Cbr in PAC452 was due to the ability of pNS2300 to replicate in Pseudomonas strains.
To verify that the 3-kb cloned insert was from pMG2 and not from any contaminating chromosomal DNA, a Southern hybridization analysis (18) was performed. The 3-kb HindIII fragment isolated from low melting agarose (16) was labeled with 32P-nucleotides by nick translation (17) and used to probe DNA fragments separated on an agarose gel ( Fig. 1) after being transferred to nitrocellulose (18) . No hybridization was detected to any DNA fragment from the PAC452 chromosome (data not shown). However, the 3-kb Hindlll fragment hybridized not only to a fragment of the same size from pMG2 digested with HindlIl but also to 3-kb HindlIl fragments isolated from the IncP2 plasmids pMG5 (10) from Japan and R931 (2) Since IncP2 plasmids may contain more than one replicon, we studied the specificity of the isolated IncP2 replicon encoded by pNS2300 by determining its incompatibility properties. In these studies, pNS1023 (a tra+ RK2 derivative with a pRK353 [13] replicon which does not function in Pseudomonas strains) was used to mobilize pNS2300 from E. coli MV10 thr leu thi supE44 AtrpES lacY tonA (from C. Yanofsky) into the Pseudomonas strain, since this system yields higher rates of transfer than does the pRK2043 mobilizer. Plasmid pNS2300 was established in PAC452 at a 100-fold greater frequency than in PAC452(pMG2). In addition, none of the transconjugants containing pNS2300 retained the gentamicin resistance (Gmr) of the resident pMG2 plasmid ( Table 1 ). The Kmr of the mobilizing plasmid pNS1023 was not present. As a control, the mobilization of the unrelated IncQ plasmid pNS1012 (RSF1010 [15] with the beta-lactamase gene from Tn3 [8] cloned into the EcoRI site) was tested. Although it was mobilized somewhat less efficiently than pNS2300, mobilization of pNS1012 was not affected by the presence of an IncP2 plasmid.
In the reciprocal experiment the IncP2 plasmid R931 in Pseudomonas strain PU21 ilvB112 leu-J str-J rif (9) was conjugated wtih PAC452 and PAC452(pNS2300). The frequency of transconjugants dropped from 10-1 per donor in the plasmid-minus recipient to 10-6 per donor in the pNS2300-containing recipient. This demonstrates a larger degree of incompatibility than that exhibited by two intact IncP2 plasmids. Since these plasmids can undergo recombination, the frequency of conjugation with a Rec-strain PA02003 (3) was also tested. A 105-fold drop in the frequency of transconjugation was found, with a loss of the resident plasmid in all transconjugants screened. Thus, pNS2300 exhibits strong IncP2 incompatibility.
Since the IncP2 plasmid group has a host range that is limited to Pseudomonas species (7), we tested the host range of pNS2300. Replication of the pBR322 replicon of the pTJS53 vehicle is dependent upon DNA polymerase I of the host cell. We found that an E. coli polA strain C2110 (12) could not be transformed with pNS2300. This suggests that the cloned IncP2 replication genes or products do not function in E. coli or that the plasmid also requires the polA gene product or the Pseudomonas equivalent of polA. Repeated attempts to establish the 3-kb HindIll fragment and a marker in E. coli polA+ strains have been unsuccessful.
We have found that at least one discrete replicon conveying IncP2 specificity can be isolated from these Pseudomonas megaplasmids. It will now be possible to compare some of the basic structural and genetic characteristics of these Pseudomonas-specific plasmid replicons with the wellcharacterized plasmid systems of E. coli. The technique employed is an extension of the method of Ditta et al. (5) . This facilitates the cloning of Pseudomonas-specific replication functions on a mobilizable plasmid in E. coli and the selection for specific replication phenotypes after mobilization into a different host. This technique should be generally applicable to any replicon of gram-negative bacteria in which selection in a narrow range host is required.
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